INTRODUCTION
The chronic inflammatory bowel diseases (IBD), Crohn's disease (CD) and ulcerative colitis (UC), are recognized as important causes of gastrointestinal disease in children and adults. IBD occurs worldwide, although it is more common in some regions (United States, United Kingdom, and Scandinavia) than in others, with incidence rates of 4 to 10/100,000 persons per year and prevalence rates between 40 to 100/ 100,000 persons (49) .
IBD is most commonly diagnosed between the third and fourth decades of life, with no difference noted between males and females. Approximately 20% of all patients with IBD develop symptoms during childhood (97) , with about 5% being diagnosed before 10 years of age (72) . About 25% of affected children have a positive family history of IBD. However, there have been no differences noted between normal children and children with IBD with regard to gender, breast feeding, formula intolerance, prior gastrointestinal illness, or emotional stresses (31) .
Defining Ulcerative Colitis and Crohn's Disease
Ulcerative colitis. UC is a condition in which the inflammatory response and morphologic changes remain confined to the colon. The rectum is involved in 95% of patients, with variable degrees of proximal extension. Inflammation is limited primarily to the mucosa and consists of continuous involvement of variable severity with ulceration, edema, and hemorrhage along the length of the colon. The characteristic histologic findings are acute and chronic inflammation of the mucosa by polymorphonuclear leukocytes and mononuclear cells, crypt abscesses, distortion of the mucosal glands, and goblet cell depletion.
Crohn's disease. CD, in contrast to UC, can involve any part of the gastrointestinal tract from the oropharynx to the perianal area. Diseased segments frequently are separated by intervening normal bowel, leading to the term "skip areas." Inflammation can be transmural, often extending through to the serosa, resulting in sinus tracts or fistula formation. Histologic findings include small superficial ulcerations over a Peyer's patch (aphthoid ulcer) and focal chronic inflammation extending to the submucosa, sometimes accompanied by noncaseating granuloma formation (Fig. 1) . The most common location is the ileocecal region, followed by the terminal ileum alone, diffuse small bowel, or isolated colonic disease in decreasing order of frequency.
CLINICAL FEATURES
UC and CD are associated with both intestinal and extraintestinal manifestations. Extraintestinal manifestations are usually related to intestinal disease activity and may precede or develop concurrently with intestinal symptoms. While UC and CD have a number of similarities in their clinical presentations, characteristic features are emphasized below.
Intestinal Manifestations
Ulcerative colitis. The most consistent feature of UC is the presence of blood and mucus mixed with stool, accompanied by lower abdominal cramping which is most intense during the passage of bowel movements. The presence of diarrhea with blood and mucus as opposed to the absence of blood is used clinically to differentiate between UC and irritable bowel syndrome. UC is usually diagnosed earlier after the onset of symptoms than is CD because the presence of gross blood in the stools alerts persons to a gastrointestinal problem. The location of abdominal pain depends on the extent of colonic involvement. Pain is present in the left lower quadrant with distal disease and extends to the entire abdomen with pancolitis. Pediatric patients have a higher frequency of pancolonic involvement, a higher likelihood of proximal extension of disease over time, and a higher risk of colectomy compared to adult patients (71) . Abdominal distension, guarding, and rebound tenderness to palpation with decrease in bowel sounds requires close supervision due to the risk of developing toxic megacolon.
Crohn's disease. In contrast to UC, the presentation in CD often is subtle, leading to a delay in diagnosis. Gastrointestinal symptoms depend on the location, extent, and severity of involvement. In patients with ileocolonic involvement, abdominal pain is usually postprandial and may be referred to the periumbilical area, especially in children. Examination may localize tenderness to the right lower quadrant, and an inflammatory mass is occasionally felt. Gastroduodenal CD presents with early satiety, nausea, emesis, epigastric pain, or dysphagia. Due to postprandial pain and delay in gastric emptying, patients with gastroduodenal CD often limit their caloric intake to diminish their discomfort. Extensive small bowel disease causes diffuse abdominal pain, anorexia, diarrhea, and weight loss and may result in lactose malabsorption. Physical examination reveals diffuse abdominal tenderness. Clubbing of the distal phalanges is rare but is seen most frequently in children with extensive small bowel disease. Colonic CD may mimic UC, presenting with diarrhea with blood and mucus associated with crampy lower abdominal pain that is often relieved by defecation. Perianal disease is common, as are anal tags, deep anal fissures, and fistulae. Increasing abdominal cramping, distension, and emesis accompanied with borborygmi are signs of progression of the inflammatory process to localized stenosis with partial or complete obstruction.
Extraintestinal Features
Fevers. Fevers are seen in 40% of patients with IBD at the time of presentation. Fevers can be high spiking on occasion but are usually low grade and chronic and may be unrecognized.
Weight loss. Weight loss may be a feature of IBD in both adults and children. In children, weight loss or a failure to maintain a normal growth velocity is the commonest systemic feature of IBD and is observed more frequently with CD than with UC.
Delayed growth and sexual maturation in children. Growth failure (defined as either reduced growth velocity, in centimeters per year, for age or a fall in height percentile from the child's previous level) and delayed sexual maturation occasionally may be the initial presentation of CD in children (45) . Patients also may have a concomitant delay in skeletal maturation, which is evaluated by radiologic determination of the nondominant hand. Delayed growth is more common in CD (60 to 88%) than in UC (6 to 12%), with the greatest frequency found in prepubertal children. Growth delay also can occur as a consequence of chronic corticosteroid use.
Chronic undernutrition resulting from suboptimal enteral intake due to anorexia and abdominal discomfort, as well as increased losses due to a protein-losing enteropathy, is considered to be a major etiologic factor in growth delay. Malabsorption of nutrients is rarely seen unless the patient has had extensive intestinal resection. Other contributing factors include elevated levels of circulating cytokines and low levels of insulin-like growth factor or somatomedin, which are seen in poorly nourished children and increase significantly following treatment (48) .
Delayed sexual maturation or arrest of sexual maturation may occur concurrently with growth failure. Some females may also experience secondary amenorrhea due to active disease or weight loss.
Arthralgias and arthritis. Arthralgias and arthritis occur frequently and occasionally precede intestinal manifestations of IBD. They usually coincide with disease activity and improve with medical treatment of the underlying intestinal inflammation. Two forms of involvement are seen-a peripheral form and an axial form, including ankylosing spondylitis or sacroilitis. The peripheral form is usually pauciarticular, affecting large joints, such as knees, ankles, hips, wrists, and elbows in decreasing order of frequency. Joint deformity is rare, although a destructive granulomatous synovitis has been de-FIG. 1. Mildly active Crohn's colitis with a granuloma within the lamina propria. Hematoxylin and eosin stain; magnification, ϫ100.
VOL. 15, 2002 CLINICAL ASPECTS OF INFLAMMATORY BOWEL DISEASE 81 scribed in CD. Ankylosing spondylitis is associated with human leukocyte antigen (HLA)-B27 in 50 to 80% of cases compared to over 90% in non-IBD-associated cases (66) . Progression is variable and does not appear to correlate with the severity of bowel symptoms. Mucocutaneous lesions. Oral aphthoid ulcers occur commonly with IBD. Ulcers usually cause minimal discomfort, although they occasionally cause debilitating pain. They tend to parallel disease activity, and treatment is directed toward the underlying disease. Cutaneous manifestations include erythema nodosum and pyoderma gangrenosum. Erythema nodosum is characterized by the development of painful, indurated, purplish red, ovoid nodules 1 to 3 cm in diameter, most commonly seen over extensor surfaces. Erythema nodosum is more common in CD and usually occurs in association with active intestinal inflammation; improvement coincides with treatment of the bowel disease (69) . Pyoderma gangrenosum is a deep severe ulceration of the skin and is an unusual manifestation (Ͻ1%) that is usually seen in association with UC. It usually parallels active colonic disease but on occasion is refractory to systemic treatment and requires intensive local therapy such as local administration of corticosteroids, minocycline, dapsone, or clofazimine.
Ophthalmologic complications. Ocular complications result from IBD itself or chronic corticosteroid therapy. Episcleritis usually is related to disease activity and presents with scleral and conjunctival erythema, a burning sensation, and photophobia. Local corticosteroid drops are usually effective. Iritis and uveitis are associated with the presence of HLA-B27 and typically run a course independent of the bowel disease. They present with eye pain, headache, and blurred vision or may be asymptomatic and detected by slit-lamp examination. Treatment consists of pupillary dilatation, covering the eye to decrease pain and photophobia, and administration of local or systemic corticosteroids. However, long-term use of corticosteroids increases the frequency of posterior subcapsuler cataracts and increased intraocular pressure.
Hepatobiliary disease. Primary sclerosing cholangitis (PSC) is a chronic cholestatic liver disease characterized by fibrosing inflammation and obliteration of the bile ducts. It is usually seen in association with UC. PSC may be asymptomatic and is then detected only because of elevated alkaline phosphatase and ␥-glutamyltransferase levels noted during routine blood screening. Patients occasionally present with pruritus and PSC prior to the development of intestinal symptoms from IBD. The course of PSC appears to be unrelated to underlying bowel disease and may progress after a colectomy. PSC is diagnosed by either liver biopsy or an endoscopic retrograde cholangiopancreatogram showing characteristic bile duct changes. Peripheral antineutrophilic cytoplasmic antibodies are positive in most patients with PSC and may be a marker for genetic susceptibility to this disease.
Autoimmune hepatitis in association with IBD also is well documented. Other infectious etiologies including occult viral infections should be excluded. Diagnosis is made following a liver biopsy, and treatment includes corticosteroids and immunosuppressive medications.
Renal disease. Nephrolithiasis occurs predominantly as uric acid calculi in UC and oxalate calculi in CD. Hypercalciuria from prolonged bed rest or corticosteroid therapy appear to be risk factors. Secondary amyloidosis is extremely rare but has been reported in CD. Obstructive complications may occur in CD due to ureteral compression by inflammatory masses or enterovesicular fistulae.
Bone abnormalities. Osteopenia (reduced bone mass) can occur both at the onset of IBD and as a complication of prolonged corticosteroid use. Osteopenia is an important potential complication of pediatric IBD since more than 90% of peak bone mass is attained during childhood and adolescence. Failure to attain peak bone mass increases future fracture potential. In the author's series of 99 children with IBD, low bone mineral density was seen in 33% of children with CD and about half of those patients had severely reduced bone mineral density (z score, Ͼ2 standard deviations below mean). In contrast, approximately 10% of patients with UC had low bone mineral density at the lumbar spine (32) . Pubertal and postpubertal girls with CD were particularly at risk to have low bone mass. Corticosteroid use was a predictor of low bone mineral density, but other contributing factors remain to be determined. Aseptic or avascular necrosis is rare, and although it is associated with corticosteroid use, the pathogenesis is unclear. Persistent joint pains, especially involving the hips and knees, should prompt consideration of this complication.
DIAGNOSIS
The importance of excluding enteric pathogens before confirming the diagnosis of IBD, or during IBD exacerbations, cannot be overemphasized. Pathogens that may mimic IBD include Salmonella, Shigella, Campylobacter, Aeromonas, Plesiomonas, Yersinia, Eschericha coli O157:H7, Clostridium difficile, Giardia lamblia, Histoplasma, Mycobacterium tuberculosis, and Entamoeba histolytica. Patients with IBD may have concomitant infections at onset, but their symptoms fail to resolve with treatment of the infectious agent or recur within days to weeks. Once enteric infections are excluded, further work-up is initiated. The tests used to diagnose IBD are listed in Table 1 .
Hematologic Tests
Screening tests for IBD include a complete blood count, inflammatory markers, and a metabolic profile that includes liver enzymes. An elevated white blood count with increased band forms, microcytic anemia, and thrombocytosis is sugges- 
Endoscopic Evaluation
Once a diagnosis of IBD is entertained, endoscopic examination with biopsies is indicated to establish the diagnosis. In most cases, histologic examination can definitively differentiate between UC and CD, but in some instances of colitis the features may be atypical, leading to a diagnosis of indeterminate colitis.
Radiologic Studies
Radiologic evaluations are usually reserved for patients with CD to assess the involvement of small bowel loops and terminal ileum via a small bowel follow-through X-ray examination. Enteroclysis (direct instillation of dye into the small intestine) is rarely performed due to patient discomfort and because it requires the introduction of a jejunal tube, but it is used in instances where adequate visualization of small bowel loops has not been possible on standard follow-through X-ray examinations. Characteristic features of CD are rigid stenotic segments, skip areas, and sinus tracts or fistulae. Barium enemas are not used to diagnose UC and should not be used in patients with moderate or severe colitis to avoid inducing toxic megacolon. However, barium enemas may be beneficial in delineating stenosis, fistulae, or sinus tracts in patients with CD.
TREATMENT

Medical Management of Ulcerative Colitis
Mild disease. Oral sulfasalazine alone or in combination with topical medications is used in the treatment of mild disease. Newer 5-aminosalicylic acid medications (mesalamine, olsalazine, and balsalazide) are useful in patients unable to tolerate sulfasalazine due to side effects. Topical preparations including mesalamine and steroid enemas, mesalamine suppositories, and corticosteroid foam also may reduce symptoms in patients with limited distal colonic disease.
Moderate to severe disease. Patients with significant abdominal cramping, bloody diarrhea, abdominal tenderness, anemia, and hypoalbuminemia need to be hospitalized for close clinical observation and intravenous medications (corticosteroids), fluids, and nutrition. Antispasmodic agents should be avoided because they predispose patients to the development of toxic megacolon. Blood counts and chemistries are closely monitored. Intravenous steroid treatment is continued until abdominal cramping and hematochezia subside. Dietary restrictions, which initially include avoidance of high-fiber, high-residue, and spicy foods, are liberalized as disease activity responds to medical intervention. Concomitant treatment with sulfasalazine/5-aminosalicylic acid preparations is initiated once acute symptoms subside to maintain remission.
Immunosuppressive therapy. Azathioprine and 6-mercaptopurine are used due to their steroid-sparing effects, since approximately 50% of patients experience adverse effects from corticosteroids. Due to delayed onset of action, these agents are not used to treat acute colitis. Cyclosporine and tacrolimus have been used to treat acute steroid-refractory UC when surgery seemed inevitable. Clinical improvement is seen within 7 to 10 days in patients who achieve remission (15) . However, the majority of patients relapse when these agents are withdrawn. Remission can be prolonged by starting azathioprine or 6-mercaptopurine treatment at least 4 weeks prior to discontinuing cyclosporine treatment (92) .
Prognosis. Approximately 25 to 40% of patients with severe UC will eventually require colectomy (36) . Patients diagnosed with proctosigmoiditis before they were 21 years of age had a greater risk of progression beyond the splenic flexure and subsequent colectomy than did those in whom the disease remained localized (72) . It is generally accepted that patients with extensive colitis require surveillance colonoscopy to detect dysplasia approximately 8 years after diagnosis. After initiation of surveillance colonoscopy, repeat examinations should follow every 1 to 2 years. The risk of developing colon cancer in Swedish patients diagnosed before 15 years of age was 1% after 15 years, 6.5% after 20 years, and 15% after 25 years (20) .
Medical Management of Crohn's Disease
The medical treatment approach for CD is individualized based on the severity of symptoms and degree and site of intestinal involvement.
Corticosteroids. Corticosteroids (I mg/kg/day) are effective in decreasing disease activity and inducing remission in most patients. However, due to undesirable side effects (cosmetic effects, suppression of linear growth in children, and osteopenia), long-term use of corticosteroids is not recommended. Furthermore, corticosteroids have not proved effective for the maintenance of remission. Budesonide, a potent steroid that undergoes extensive first-pass hepatic metabolism, is useful, but approximately one-third of patients experience adverse effects related to budesonide use.
Sulfasalazine and mesalamine. Sulfasalazine and mesalamine are used to treat mild to moderate disease and to maintain remission induced by corticosteroids. Sulfasalazine is useful for ileocolonic and colonic disease. About 30% of patients are unable to tolerate sulfasalazine due to side effects, mainly headaches, which can sometimes be averted by starting at a lower dose and gradually increasing the dose as tolerated. Other side effects include hemolytic anemia and pruritic dermatitis. The newer mesalamine preparation, pentasa, has been used for small bowel CD to facilitate steroid withdrawal and to reduce relapse rates following steroid withdrawal (74) .
Antibiotics: metronidazole and ciprofloxacin. Metronidazole and ciprofloxacin are useful in the treatment of mild to moderate disease, particularly in patients with perianal disease and infectious complications. Sensory neuropathy, which may be seen with long-term metronidazole use, usually resolves completely or improves after discontinuation of the drug.
Immunosuppressive therapy. 6-Mercaptopurine and azathioprine are indicated in patients with steroid dependency, extensive small bowel disease, history of previous resections, gastroduodenal disease, and perianal disease especially with refractory fistulae. In a recent study of 95 children with CD, azathioprine/6-mercaptopurine was well tolerated in 82% of patients and led to a steroid reduction in 87% of patients (47) . Discontinuation of azathioprine or 6-mercaptopurine was required in 18% of patients due to hypersensitivity reactions (pancreatitis or high fever) or infectious complications. Other side effects such as elevated aminotransferase levels, leukopenia, and gastrointestinal intolerance either respond to dose reduction or resolve spontaneously. Methotrexate has been used to maintain long-term remission in adult patients with CD. Cyclosporine has been used for patients with severe CD with active fistulae.
Biological therapies. Increased production of inflammatory cytokines, especially tumor necrosis factor alpha (TNF-␣), has been described both in histologically normal mucosa and in the inflamed mucosa in CD. Targan et al. showed that a single infusion of 5 mg of a chimeric monoclonal antibody against TNF-␣ (infliximab) per kg induced a clinical response in 81% and clinical remission in 48% of CD patients compared with 17 and 4%, respectively, in the placebo group (119) . Infliximab infusions have since been successfully used to maintain remission as well for the treatment of fistulae in patients with CD (90, 101) .
Thalidomide, originally used for its sedative and antiemetic properties, has recently been shown to inhibit TNF-␣ production by monocytes and other cells. Thalidomide was found to be efficacious in two recent studies of patients with chronically active, steroid-dependent CD. Side effects were mild and dose dependent, with the most common being drowsiness, peripheral neuropathy, edema, and dermatitis (18, 131) .
Nutritional intervention.
Nutritional intervention is often used to control disease activity, provide restitution of deficiencies, and provide adequate calories to reverse growth failure in children. Continuous nasogastric infusion or gastrostomy feedings of an elemental or semielemental formula at night may be beneficial. Patients with IBD are given a daily multivitamin and calcium supplementation if their milk intake is suboptimal and oral iron preparations if they have iron deficiency anemia.
Prognosis. CD is associated with a 54 to 78% rate of relapse within the first 18 to 24 months following the initial diagnosis. Indications for surgery include intractability to medical therapy, suspected perforation or abscess, intestinal obstruction, and hemorrhage. A special circumstance in children is the potential for reversing growth failure, particularly if there is a localized area of resectable disease. However, there is a high incidence of recurrence after surgery with a 34 to 86% relapse in the 3 years following surgery (33) .
HYPOTHESES REGARDING PATHOGENESIS
Although many questions remain regarding the etiology of UC and CD, clinical and laboratory studies indicate that both genetic and environmental factors are important. Several theories about the pathogenesis of IBD have been entertained, including an autoimmune response to a luminal or mucosal antigen, a dysfunctional immune response to a commensal bacterium, and an infection with a pathogenic organism which remains in the intestinal tissues and results in a chronic inflammatory response. A variation of the last hypothesis involves persistent abnormalities in immune regulation following an acute infection with a pathogenic organism that is cleared.
Autoimmune Disease
A destructive inflammatory response directed toward a selfantigen such as mucin, goblet cells, colonocytes, or other cells has been proposed as the underlying basis of IBD, particularly in regards to UC (28, 46, 63, 82) . As noted above, antibodies against neutrophils have been found in many but not all UC patients (13, 63, 70, 81) . However, the titers of antineutrophil antibodies do not seem to correlate with disease activity in UC (98) , and their biological significance in UC patients is unclear. Levels of antibodies against a human intestinal tropomyosin isoform also have been reported to be increased in UC patients in some studies (63, 82) . In addition, activated complement factors have been noted to colocalize with anticolon antibodies on the luminal surface of the epithelium (70) . Exposure to microbial peptides that share immunogenic determinants with self-antigens has been suggested as the trigger for the disruption in immune tolerance to endogenous gut antigens. For example, some studies have implied that antibodies or T cells recognizing mycobacterial heat shock protein HSP65 and human HSP60 may be involved (70) . However, other investigations have failed to confirm these findings. In summary, the endogenous antigens which drive the inflammatory reaction and the events which lead to symptomatic disease in UC remain ill defined. 
Infection with a Pathogenic Organism
The clinical presentation and histologic appearance of IBD has a number of similarities to gastrointestinal infections by known pathogenic organisms. For instance, acutely CD can appear like gastrointestinal disease due to Yersinia or M. tuberculosis. Infection with other enteric pathogens such as Shigella or Campylobacter can strongly resemble UC. However, this observation may reflect in part the limited mechanisms by which the mucosal immune system in the intestine responds to an insult (70) .
Although CD bears the name of the investigator who convincingly distinguished CD from intestinal tuberculosis in 1932, the notion of a mycobacterial infection underlying the pathogenesis of CD has persisted. In particular, M. paratuberculosis, the causative agent of a chronic granulomatous enteritis in ruminants (Johne's disease), has been considered. M. paratuberculosis has been cultured from several patients with CD, and some investigations have noted increased titers of antibody against mycobacterial antigens in CD patients (24, 42, 123) . However, clinical and immunohistochemical studies have failed to provide convincing evidence of a role for mycobacteria in CD (42, 121, 129) . In recent years, a number of studies utilizing PCR methods have addressed the mycobacterial hypothesis. The majority of these investigations used primers recognizing IS900, a multicopy genomic DNA insertion element highly specific for M. paratuberculosis. Most of the PCR studies suggest that mycobacterial sequences can be detected in intestinal tissue but that their presence is not specific for CD (42, 129) .
Wakefield et al. have suggested that persistent measles infection, particularly when exposure occurs in utero or early in life, may lead to CD (132, 133) . This hypothesis proposes that CD is a chronic granulomatous vasculitis in reaction to a persistent infection with measles virus, which exhibits a tropism for the submucosal endothelium of the intestine. Epidemiologic evidence from Sweden has suggested a link between CD and early measles infection (19, 21) . In addition, paramyxovirus-like structures have been visualized in the vascular endothelium of CD patients by electron microscopy and measles antigen has been detected in areas of granulomatous inflammation (132, 133) . However, other investigators have not been able to confirm an epidemiological link between CD and early measles infection (2a, 25, 37) or to confirm the association by immunohistochemical staining or serologic studies (2, 27, 44) .
In summary, despite considerable effort including sensitive PCR-based studies to screen for the presence of microbes, no one particular infectious organism has been definitively associated with IBD. Still, the possibility exists that an as yet unidentified organism that is difficult to detect by current methods is the cause of IBD. However, even if an infectious pathogen is involved, genetic factors clearly are important in determining whether IBD subsequently develops, as discussed below.
Dysregulated Immune Response to Commensal Bacteria
In recent years, a growing body of data has implicated intestinal commensal bacteria in the pathogenesis of IBD and in particular of CD (22, 105, 120) . For example, rodent models of IBD exhibit marked reductions in the clinical and histologic signs of intestinal inflammation when the animals are housed in a germ-free environment (6, 16, 23, 113) . In human IBD patients, increased levels of mucosal antibodies directed against intestinal bacteria have been observed (105, 120) . In addition, the clinical response of CD patients to antibiotics and the beneficial effect of fecal diversion in selected CD patients with perianal disease suggest an involvement of bacteria in the disease symptoms (11, 125, 136) . Nonetheless, the precise role of the indigenous gut bacteria in the development and subsequent disease manifestations of IBD remains poorly understood.
Although large numbers of bacteria colonize the lumen of the intestine, several studies including our own have revealed that under normal conditions the intestinal mucosa is relatively free of adherent bacteria (1, 38, 108, 134 ). However, a number of investigations have suggested that increased numbers of bacterial antigens and nucleic acid sequences are found associated with the intestinal mucosa in IBD (9, 56, 108, 134) .
Thus, IBD patients may have alterations in the mucus-epithelial layer which allow a more intimate association of gut bacteria with the mucosa. Potentially, the presence of mucosaassociated indigenous bacteria in these patients produces disease despite the absence of more aggressive pathogenic bacteria. The closer proximity of the bacteria to the epithelium may be a crucial component in the initiation of the cycles of inflammation and changes in intestinal permeability that are characteristic of IBD. Genetic factors may contribute to both the increased penetration of the bacteria or bacterial products as well as the pronounced inflammatory response that occurs.
The identities of the commensal bacteria that may be involved in the pathogenesis of IBD are unclear. Some investigations have pointed to a role for anaerobic bacteria such as Bacteroides or Clostridium spp. (65, 93, 94, 105) . For instance, interleukin-10 (IL-10)-deficient mice develop colitis under conventional housing conditions but not under germ-free conditions. At 2 weeks of age, prior to the development of colitis, increased numbers of Clostridium species were noted adhering to the colonic mucosa of the mice (65) . Treatment of the mice, before the onset of colitis, with the antibiotic metronidazole, which is active against anaerobic bacteria, prevented disease.
Other studies have suggested an involvement of the gramnegative bacterium E. coli in CD (9, 12, 56, 117, 134) . For example, E. coli antibody titers have been observed to be higher in patients with IBD than in controls (117) and E. coli antigens or nucleic acid sequences have been detected with increased frequency in the intestines of patients with CD (9, 56, 134) . In addition, Darfeuille-Michaud et al reported that a greater number of E. coli strains harvested from the ilea of patients with CD than of patients without CD exhibited mannose-resistant adherence to the human intestinal cell line Caco-2 (12). Our own data would suggest that some mucosaassociated E. coli strains are capable of altering the permeability of cultured intestinal cell monolayers (96) .
The identities of the bacterial antigens that may be implicated in the pathogenesis of CD are unknown. However, cell wall components such as lipopolysaccharide and other bacterial products have strong proinflammatory effects and mediate intestinal inflammation in animal models (104) . Furthermore, in one study, bacterial intimin was found to induce mucosal hyperplasia and a prominent T-helper response in the colon in a rodent model (40) . In addition, the presence of novel DNA sequence with homology to the ptxR and tetR bacterial transcription factor family has been reported to be associated with CD colonic lesions (116) .
Nod2 appears to function in host signaling pathways activated by gram-negative bacterial lipopolysaccharide (44a). Recently, an association of certain Nod2 variants with CD was noted (43a, 80) . This finding strongly suggests that interplay between the gram-negative bacterial flora and intestinal innate immune responses is a critical element in the pathogenesis of CD.
ANIMAL MODELS
Although none of the current animal models reproduce human IBD completely, animal models of intestinal inflammation have provided useful insights into the pathogenesis of the intestinal inflammatory response. Animal models of IBD have been referred to as spontaneously occurring or induced (6, 16) . Induced models of IBD include (i) animals which have been treated with agents that promote intestinal inflammation, (ii) rodents that have been genetically manipulated through gene targeting or the introduction of transgenes, and (iii) immunodeficient animals into which cell populations that mediate intestinal inflammation have been transferred.
Spontaneously Occurring Models
Spontaneous colitis that develops in cottontop tamarins resembles IBD. In addition, selective breeding of C3H/HeJ mice at Jackson Laboratories (Bar Harbor, Maine) produced a strain of mice referred to as the C3H/HeJBir strain. These mice spontaneously develop inflammation of the cecum and right colon that generally peaks at 3 to 6 weeks of age and resolves by 10 to 12 weeks of age (115) . Small lesions at the anorectal junction, however, are common throughout life. The etiology of the colitis remains uncertain, but the C3H/HeJ parenteral strain is particularly sensitive to mucosa-injuring agents such as trinitrobenzene sulfonic acid and dextran sulfate sodium (23) .
In addition, a subline of the senescence-accelerated mouse (SAM)P1/Yit strain has been established from AKR/J mice (68) . This strain of mice exhibits spontaneous enteric inflammation and skin ulcerations under specific-pathogen-free conditions. The intestinal disease involves the distal part of the small intestine and cecum and histologically appears similar to human CD. Germ-free (SAM)P1/Yit strain mice do not develop intestinal inflammation, but reintroduction of fecal bacteria into the gut induces disease (68) .
Induction of IBD with Exogenous Reagents
Luminal agents capable of damaging the intestinal mucosa are able to produce an inflammatory response that may become chronic in genetically susceptible hosts and may mimic some aspects of human IBD. For example, colitis can be induced by administering 5% dextran sulfate sodium in the drinking water, treating the host with indomethacin, or giving an enema containing trinitrobenzene sulfonic acid in ethanol (23) . However, the absence of chronicity is a significant shortcoming of acute nonspecific injury models of IBD. Nonetheless, regeneration of the colonic mucosa after repeated cycles of 5% dextran sulfate sodium administration takes several weeks and is a frequent model used for studying mucosal repair mechanisms (16, 23) .
IBD in Genetically Altered Rodents
A number of mouse strains generated by gene-targeting methods exhibit intestinal inflammation when housed under conventional conditions. A list of these mouse strains is given in Table 2 . Several of these mouse models have targeted mutations that affect cytokine secretion or the CD4 ϩ T-cell population. Cytokines are local mediators of a number of biological processes including cell growth and differentiation as well as inflammatory and immune responses. The cytokine IL-2 stimulates the growth and expansion of T lymphocytes and the activation of other cells, including macrophages. IL-2 knockout mice develop a symptomatic pancolitis with intermittent gastrointestinal bleeding, diarrhea, and often rectal prolapse (23, 102) . The colon is grossly thickened and contains mucosal ulcerations. On histopathologic testing, epithelial hyperplasia, crypt distortion and abscesses, and acute and chronic inflammatory cells infiltrating into the lamina propria are noted. Various studies have suggested that CD4 ϩ T cells, rather than B cells, are critical in the pathogenesis of the gut inflammation in IL-2-deficient mice (60) .
IL-10 is a cytokine secreted by Th2 cells as well as other cells that inhibits the synthesis of IL-12 and proinflammatory cytokines such as IFN-␥ and TNF. IL-10-deficient mice develop a chronic enterocolitis mediated by Th1 cells under conventional housing conditions (23, 51) . Histologically, the disease is characterized by excessive regenerative hyperplasia of the mucosa, leading to a marked thickening of the intestinal wall, abnormal crypt and villous architecture, and extensive lymphoplasmocytic and histiocytic infiltration of the lamina propria and submucosa.
AU-rich elements (ARE) in the TNF gene regulate TNF biosynthesis. Mice lacking the ARE produce a more stable TNF mRNA and fail to appropriately repress TNF expression (50) . These mice develop CD-like IBD that is presumably related to overexpression of TNF.
Mice with targeted mutations of either T-cell receptor ␣ or T-cell receptor ␤ genes develop colitis with crypt distortion and an inflammatory infiltrate in the lamina propria (75) . The pathogenesis of disease in these T-cell receptor knockout mice is unclear, but the extent of disease markedly varies among different inbred strains of mice, suggesting that other susceptibility loci influence disease expression (23) .
HLA-B27 transgenic rats with susceptible genetic backgrounds develop chronic colitis and joint inflammation (93, 105) . Inflammation is T-cell mediated, particularly by CD4 ϩ T cells, and the presence of commensal bacteria in the intestine appears necessary for disease. Studies suggest that the colitis may result from a loss of tolerance to enteric bacteria (105) .
Investigations in other rodent models suggest that a primary defect in macrophage function also can lead to intestinal inflammation. For instance, mice which are lacking the transcription factor STAT-3 have macrophages that fail to be inhibited by IL-10, which generally down-regulates inflammatory responses (118) . When STAT-3-deficient mice are treated with lipopolysaccharide, which activates the macrophages to secrete proinflammatory cytokines such as TNF, the mice develop mucosal inflammation (6, 118) .
Intestinal epithelial cells are crucial in maintaining the barrier to luminal antigens and bacteria. Investigations using mice generated by gene targeting have shown that epithelial defects in cellular transport, repair, and barrier function also may lead to mucosal inflammation. For instance, mice carrying a mutated multidrug resistance gene lack the ability to pump out small amphiphilic and hydrophobic molecules from within the cell and have an increased sensitivity to certain drugs (85) . These mice develop intestinal inflammation that resembles UC, and repletion with normal lymphocytes does not abrogate the colitis. Although both intestinal epithelial cells and lymphocytes express multidrug resistance genes, this observation suggests that the defect in epithelial cell function may be of primary importance (6) . Prophylactic treatment with oral antibiotics did prevent colitis in these mice (85) . Cadherins are important mediators of epithelial cell adhesion and migration. Mice with altered N-cadherin expression in the intestine develop IBD resembling CD (39) . Another example involves the trefoil peptides, which are protease-resistant molecules secreted by mucin cells in the intestine and which have been implicated in mucosal healing. Mice lacking intestinal trefoil factor died of extensive colitis after oral administration of dextran sulfate sodium (67) .
Adoptive Transfer of CD4 ؉ Cells into Immunodeficient Mice
The adoptive transfer of CD4 ϩ T cells expressing high levels of CD45RB into SCID mice, which lack B and T cells, results in intestinal inflammation accompanied by diarrhea and weight loss (23) . In this model, simultaneous transfer of the CD45RB low-CD4 ϩ T cells prevents the development of inflammation, possibly through the secretion of transforming growth factor ␤ (89).
IMMUNE MEDIATORS OF INTESTINAL INFLAMMATION: LESSONS FROM ANIMAL MODELS
Role of T Cells
CD4
ϩ T cells play a critical role in the mucosal inflammation observed in animal models of IBD. In contrast, CD8 ϩ T cells appear to be of lesser importance. For example, studies with IL-2-deficient mice intercrossed with ␤ 2 -microglobulin-deficient mice, which lack mature CD8 ϩ T cells, revealed that CD8 ϩ T cells are not necessary for the development of colitis (6) . In addition, the significance of CD4 ϩ T cells is demonstrated by the observations that (i) CD4 ϩ T cells are found infiltrating the lamina propria in IBD and (ii) as discussed above, transfer of CD4 ϩ T-cell populations into SCID and Rag Ϫ/Ϫ mice, which lack mature B and T cells, results in intestinal inflammation.
The T-cell population that appears to mediate the intestinal inflammation in most animal models is an IL-12-producing Th1 cell that secretes IFN-␥ and TNF (6, 63, 70) . Notably, Th2 cells also may play a role in the intestinal inflammation in some animal models of IBD (73) . For example, in experimental colitis resulting from the administration of oxazolone to SJL/J mice, IL-4-producing Th2 cells appear to be important mediators of the inflammation since inflammation is reduced by treating the mice with anti-IL-4 or intercrossing the mice with IL-4 knockout mice (7) .
Role of Cytokines
Considerable data point to a prominent role for IL-12 in the development of IBD. For example, in several rodent models of IBD, treatment with anti-IL-12 antibody prevents the development of colitis (6, 109) . Further, when intercrossed with IL-12 knockout mice, the TNF ARE knockout mice described above do not develop intestinal inflammation, emphasizing the importance of IL-12 in the initiation of the mucosal inflammation in this mouse model (6) .
The binding of IL-12 to its receptor activates a signaling pathway that results in the activation of the transcription factor STAT-4. In the adoptive-transfer model, transfer of T cells from STAT-4-deficient mice into immunodeficient mice results in attenuated disease compared to the transfer of wild-type lymphocytes (109) . Further transgenic mice that overexpress STAT-4 develop intestinal inflammation characterized by infiltration with IFN-␥-and TNF-secreting cells (135) .
Current data would suggest that IL-12 influences inflammation through both IFN-␥-dependent and IFN-␥-independent mechanisms. While IFN-␥ plays a role in mediating the inflammation in animal models of IBD, treatment with anti-IFN-␥ is generally a less effective treatment modality than is treatment with anti-IL-12. In addition, IFN-␥ knockout mice still develop colitis when exposed to trinitrobenzene sulfonic acid (6) . Also, in the adoptive-transfer model, T cells from IFN-␥-deficient mice were demonstrated to produce TNF-␣ and caused colitis in reconstituted immunodeficient mice (109) . These data suggest that other cytokines such as TNF are important in the mucosal inflammatory response in animal models of IBD.
The lymphotoxins alpha and beta are members of the TNF cytokine superfamily and are involved both in the development and maintenance of lymphoid tissues. Administration of soluble lymphotoxin beta receptor immunoglobulin fusion protein attenuated the clinical and histologic disease manifestations in murine models of colitis (64) . This study suggests that in addition to TNF, lymphotoxins may play a role in the intestinal inflammation in IBD.
In summary, a number of studies have indicated that defec-tive regulation of Th1 responses, resulting in the unchecked secretion of proinflammatory cytokines such as IFN-␥ and TNF, leads to the development of enteritis.
Other Inflammatory Mediators
The secreted factors implicated in the intestinal inflammatory response in IBD are listed in Table 3 . Chemokines constitute a large family of chemoattractant peptides that attract and activate leukocytes (26) . Chemokines such as IL-8, MCP-1, and ENA-78 are highly expressed in the intestinal mucosa in areas of active CD and UC (62) and may be important mediators of inflammation in IBD.
Another potentially significant component in the tissue injury that occurs in IBD is the activation of matrix metalloproteinases. Matrix metalloproteinases are a group of tissue proteases that exhibit preferred cleavage specificity for the N-terminal side of hydrophobic residues (63) . Studies have revealed high levels of extracellular matrix metalloproteinases in areas of ulceration in the intestines of humans with IBD (63) .
In addition, a number of different growth factors may play an important role in IBD (3). For example, keratinocyte growth factor is produced by gut stromal cells and is activated by proinflammatory cytokines. Keratinocyte growth factor has been implicated in the crypt hyperplasia noted in areas of inflammation in IBD (3, 63) .
Conclusions from the Animal Models
In summary, conclusions from studies in the animal models have emphasized the importance of both genetic and environmental factors in the pathogenesis of IBD. In addition, the animal models have revealed that many types of alterations in the immune response can result in intestinal inflammation. However, the importance of CD4 ϩ T cells in mediating intestinal inflammation has been repeatedly shown. Lastly, the animal models strongly suggest that antigens derived from commensal bacteria may drive IBD.
PATHOGENESIS OF HUMAN DISEASE
A number of studies have suggested that human CD is a Th1-mediated disease and that excessive Th1-cell activity is a critical component of CD (63, 86) . For example, CD is characterized by increased numbers of activated T cells in the intestinal mucosa. These T cells have a Th1 profile and secrete IFN-␥. Like IL-12, IL-18 is cytokine involved in Th1-cell development and IFN-␥ production. Both IL-12 and IL-18 are found at increased levels in the intestinal mucosa of persons with (76, 88) . Also, lamina propria lymphocytes harvested from the intestines of persons with CD have been shown to produce IL-12 (63) . In addition to IL-12, TNF clearly is an important mediator of the intestinal inflammation in human CD. As stated above, several clinical trials have shown a chimeric anti-TNF-␣ antibody to be effective in the treatment of CD, verifying the importance of TNF in the ongoing intestinal inflammation (90, 101, 119, 128) . IL-15 is a cytokine with a number of biological activities including the stimulation of T-cell proliferation and migration to sites of inflammation. Increased levels of IL-15 production by CD lamina propria T lymphocytes also have been reported (57) .
Another documented feature of CD is increased intestinal permeability. Alterations in intestinal permeability may be an early finding in CD and have been noted in asymptomatic relatives of persons with CD (104) .
Less information is available regarding the pathogenesis of UC. However, several studies suggest that UC differs from CD in the profile of cytokines in the intestinal mucosa (86) . For example, Th2 cells rather than Th1 cells have been hypothesized to play a prominent role in UC, but only limited data are available to confirm this idea. In support of this notion, though, IL-12 transcripts have been found in the intestinal mucosa of CD patients but not generally in UC (63, 86) . Also, the UC intestine has many immunoglobulin G IgG-secreting plasma cells and IgG1 colocalizing with the complement component C3b on the surface of epithelial cells (63) . In addition, in UC evidence for an abnormal humoral immune response exists, such as the presence of antibodies to the perinuclear component of neutrophils as mentioned above. Nonetheless, although lamina propria T cells from UC patients have been reported to secrete greater amounts of IL-5 than do those from controls, the production of IL-4 does not appear to be increased in UC, which would be expected with a Th2-cell response (30, 63, 86) .
PATHOGENESIS OF EXTRAINTESTINAL MANIFESTATIONS
As outlined above, a number of extraintestinal manifestations of CD and UC have been described. Although the occurrence of extraintestinal symptoms often coincides with intestinal disease activity, the pathogenesis of these manifestations of IBD is not well understood. In the case of arthritis, studies of HLA-B27 transgenic rats suggest that recirculation of memory T cells between the intestine and synovium occurs (14, 23, 105) . In support of this idea, adherence of lamina propria lymphocytes to synovial high endothelial venules has been demonstrated. A role for mucosal macrophages transporting antigens from the intestine to the joints also has been postulated. In addition, in the HLA-B27 transgenic rat, intestinal bacteria appear to play a significant role in the pathogenesis of the arthritis (54, 93, 105) .
As mentioned above, PSC is a chronic liver disease often associated with UC but also seen in the absence of underlying UC. Although the association of UC with PSC remains poorly understood, both groups of patients have an increased incidence of antineutrophil cytoplasmic antibodies, which may play a role in the disease (91) .
GENETICS Genetic Epidemiology
An increase in the incidence of CD has been observed in nearly all Western countries over the past three decades (4) . Two countries, namely, Sweden (55) and the United States (59) , have observed a recent leveling off at a high incidence of 6/100,000, while continued increases in incidence have been observed in Copenhagen (77) and Cardiff (122) . In contrast, the incidence of UC has leveled off in most countries. For example, in Denmark, the incidence has remained stable for 30 years at between 8 and 9/100,000 inhabitants (52). However, the incidence of UC in Iceland continues to rise and is now among the highest in the world at 12/100,000 (5). While the incidence among African Americans has generally been reported to be lower than that in Caucasian Americans, a recent survey of children in Georgia reported an incidence of CD and UC of 7 to 12/100,000 and 5 to 7/100,000, respectively (79) .
Family studies of IBD have demonstrated increased familial aggregation for both CD and UC. The frequency of familial occurrence among unselected individuals with IBD has been reported to be as high as 20 to 30% in referral-based studies, but has ranged between 5 and 10% in population-based surveys (4). The prevalence and relative risk of IBD among relatives of patients with UC or CD can be estimated using either cohort or case-control approaches. The former requires complete information on pedigree structure as well as prevalence of disease in the surrounding population. Using either approach, the relative risk (disease prevalence among first-degree relatives divided by population prevalence) in multiple European populations is approximately 15-fold. The lifetime risk of IBD can most accurately be estimated for parents of IBD patients and was 1.9% in a European cohort (87) . Estimates of lifetime risk among siblings and children are more difficult to approximate due to difficulties in correcting for age-adjusted incidence rates, but certainly the lifetime risk is higher than in parents of IBD patients. It is well established that the population prevalence as well as the familial risk is higher among Jews than among non-Jews (137) . Among multiply affected families with IBD, 75% are concordant for disease type (that is, families are either pure UC or pure CD) and the remaining 25% have separate members with CD and UC (4) .
The familial recurrence risk reflects the contributions of both environmental and genetic factors. Higher concordance rates among monozygotic twins compared to dizygotic twins raised together would implicate genetic contributions to disease pathogenesis. Complete 100% concordance among monozygtic twins would indicate that only genetic factors are required for disease expression. Monozygotic-twin concordance for CD has ranged between 42 and 58%, whereas disease concordance for UC is between 6 and 17% (84, 114, 126) . These data indicate that genetic factors are more significant in CD than in UC. The concordance rate among dizygotic twins is 4 to 12% for CD and 0 to 5% for UC, significantly lower than the rates reported among monozygotic twins and of the same order of magnitude as in nontwin siblings. One monozygotictwin pair with one member having UC and the other having CD has been reported (8) . However, the overall paucity in the literature of such discordant twin pairs would suggest that similar but distinct genetic factors contribute to disease pathogenesis for these two diseases.
Genome-Wide Genetic Linkage Studies
The search for disease genes contributing to disease in common, complex genetic disorders such as IBD can include either candidate gene studies or genome-wide searches using genetic linkage. While genetic factors clearly play a role in disease pathogenesis, multiple genes probably contribute to IBD as evidenced by the inability to predict disease occurrence within families with the Mendelian certainty observed for monogenic disorders. The contributions of multiple distinct genes can result from epistatic interactions between two genes (that is, the combined phenotypic effect cannot be predicted from either gene alone), which might require that multiple genetic variants be inherited simultaneously for disease expression to occur. Genetic heterogeneity, where different sets of genes result in similar phenotypic expression in different sets of patients, further complicates attempts to identify disease genes.
Genome-wide searches to identify disease genes have been used successfully to refine the localization of and ultimately identify disease genes for monogenic disorders, such as cystic fibrosis. Genetic markers are typed throughout the genome in order to identify chromosomal regions that are shared more frequently than expected on a statistical basis between affected family members. These regions of increased sharing between family members with the same disease probably contain a disease-contributing genetic variant. Multiple genome-wide searches for IBD genes have been reported, and significant linkages on chromosomes 16, 12, 7, 3, 1, 6, 14, and 19 have been reported in at least one study (10, 17, 35, 43, 61, 95, 107) . These studies have varied with respect to the fraction of pure CD, pure UC, and mixed families reported, which reflects in part the differences in referral patterns between centers. For the most part, many more pure-CD families have been studied, and among these linkages, the best established is the linkage observed among pure-CD families to the pericentromeric region of chromosome 16. Fewer UC families have been studied, and UC is likely to be a less genetic disorder than CD. However, significantly greater evidence for linkage was observed for UC than CD on chromosome 12, which may explain the less consistent replication observed for this region compared to chromosome 16. The presence of mixed families, having one member with CD and another member with UC, suggests that at least some genetic variants will contribute to both diseases.
As stated above, recent reports have linked certain Nod2 variants to CD (43a, 80) . The Nod2 gene is located within the peak region of linkage on chromosome 16, which has been established as a susceptibility locus for CD but not UC (43) . The Nod2 variants associated with CD include a frameshift mutation due to a cytosine insertion, 3020InsC, that is expected to encode a truncated Nod2 protein lacking the 33 C-terminal amino acids. Nod2 has homology to plant disease resistance gene products and has been implicated in NF-B activation. NF-B is a transcription factor involved in cellular inflammatory responses (44a) . While the identification of CDlinked Nod2 variants undoubtedly will provide novel insights into the pathogenesis of CD, a minority of CD patients appear to have the Nod2 variants described to date. In addition, some asymptomatic persons (about 5% of the general population) also have the disease-associated Nod2 variants. Consequently, these data suggest the importance of additional genetic loci in the development of CD.
Linkage Studies in the Chromosome 6p Region
In addition to the pericentromeric region of chromosome 16, significant evidence for linkage to the chromosome 6p region has been reported for CD as well as for UC. The chromosome 6p region contains the major histocompatibility complex, which includes the HLA genes as well as numerous other immune-associated genes, including the TNF, gene. Thus, linkage to this region is not surprising, given the chronic inflammatory nature of these disorders (34, 138) . However, in contrast to type I diabetes mellitus, where genetic linkage studies are dominated by the chromosome 6p linkage, the linkage evidence here for IBD is one among several equally significant linkages. This indicates that non-major histocompatibility complex genes are at least equally significant in disease pathogenesis compared to the contribution of MHC genes.
The TNF gene represents an ideal candidate gene for IBD. As detailed above, increased expression of TNF in mice results in a clinical picture of ileitis and arthritis (50) and anti-TNF treatments have proven to be highly effective therapies for CD (90, 101, 119, 128) . Multiple genetic variants in the promoter region of the TNF gene have been associated with increased transcriptional activity of mRNA (41, 110) . Association studies with various TNF promoter variants have demonstrated conflicting results with respect to IBD; however, a recent Japanese study has demonstrated positive associations of novel upstream promoter variants of the TNF gene with CD (78) . The small numbers of study patients have limited many of the reported case-control association studies, and definitive conclusions on the association with disease await the completion of much larger studies.
Association Studies of HLA Class II Genes and IBD
At present, there are no universally observed associations between any single specific intragenic risk allele and IBD. Given that many genuine disease associations will confer only modestly increased relative risks, very large studies are required to definitively establish disease associations. Completion of the human genomic sequence is currently being followed by large-scale efforts to resequence the genome (in multiple individuals) in order to establish common allelic variants in all expressed genes. Establishing which of these intragenic molecular variants have direct consequences on gene function and regulation represents a broad central goal of genetic research efforts.
Given the enormous genetic variation present in the major histocompatibility complex and the central role of these genes in the immune response, the HLA class II genes are candidates for association with IBD. In particular, a large number of case-control association studies have tested HLA-DR gene associations with CD and UC. Interpretation of these studies is complicated by the fact that earlier studies (which comprise a large fraction of studies reported in the literature) used broad serologic subtypes, which have subsequently been shown to correspond to multiple DNA-based genotypes. For example, the serologic subtype DR4 corresponds to DNA genotypes DRB1‫1040ء‬ through DRB1‫9140ء‬ and serologic subtype DR2 corresponds to DNA genotypes DRB1‫1051ء‬ through DRB1‫4051ء‬ and DRB1‫1061ء‬ through DRB1‫.6061ء‬ Furthermore, within HLA DR2, the DRB1‫51ء‬ subtypes have been reported to be positively associated with UC whereas the DRB1‫61ء‬ subtypes are negatively associated with UC (112) .
Given these limitations in interpreting the present literature, the large majority of reported association studies in UC have reported a positive association with HLA DR2 and a negative association with HLA DR4. While the most significant associations between UC and HLA DR2 have been reported in Japanese populations (with an odds ratio of 4.92), a significant positive association was observed in pooled Caucasian population studies (odds ratio, 1.51; 95% confidence interval, 1.20 to 1.90) as well (112) . While the number of studies performing DNA genotyping has been smaller, positive contributions to the DR2 association were found to be made by both the DRB1‫1051ء‬ and DRB1‫2051ء‬ genotypes (112) . Positive associations with DRB1‫3010ء‬ (29, 106) and DR9 (112) also have been reported. A list of associations is given in Table 4 .
In contrast, in a meta-analysis of CD studies, the HLA DR2 subtype was negatively associated with disease, and the DR7, DRB3‫1030ء‬ and DQ4 subtypes were positively associated with disease (112) . The very consistent observations of opposite associations of HLA-DR2 between CD and UC suggest that some disease associations at the class II genes represent phenotype-modifying factors rather than a primary pathogenic response to specific antigens required for disease expression.
HLA Association Studies and Extraintestinal Manifestations of Disease
Significant HLA associations have been identified with specific extraintestinal manifestations of IBD, with the best characterized being the association of ankylosing spondylitis with HLA-B27. Ankylosing spondylitis has been associated with both UC and CD (124) . Differences in endogenous peptide presentation by HLA-B27 subtypes might be relevant in the disease pathogenesis. HLA associations here possibly involve arthritic peptides and molecular mimicry, but proof that ankylosing spondylitis is an autoimmune disease attributable to cross-reactivity between bacteria and HLA-B27 is still lacking (127) . HLA associations also have been reported for peripheral arthropathies associated with IBD. For example, the two subtypes of IBD-associated peripheral arthropathies (type I, pauciarticular arthropathy, typically affecting large joints, lasting less than 5 weeks, and associated with intestinal relapses; type II, polyarticular aruthropathy, causing persistent, long-lasting symptoms that are independent of intestinal course) have distinct HLA associations (83) .
In addition, while less well established, there is some evidence to support positive associations of multiple class II haplotypes among patients manifesting both IBD and PSC (130) .
Genetics and Environmental Factors: Effect of Tobacco on Disease Phenotype
Just as genetic factors will probably include modifiers that affect disease phenotype (expression as UC versus CD), environmental factors will affect specific disease features as well. Of these environmental factors, by far, the best characterized is tobacco exposure (99) . Tobacco use is protective against the development of UC; while less consistently observed, it has been positively associated with CD. Specifically, active smokers were less likely to develop UC than were nonsmokers (odds ratio, 0.53; 95% confidence interval, 0.24 to 1.14). In addition, the risk was decreased in passive smokers, i.e., persons whose parents had smoked (odds ratio, 0.50; 95% confidence interval, 0.25 to 1.00) (103) . The protective effect of tobacco against developing UC is similar to that observed for celiac disease, a chronic inflammatory disorder of the proximal intestine. The duration of the protective effect against developing UC in one study appears to be limited to 3 years; this would explain the frequently noted observation that UC is a disease of ex-smokers. In contrast, the protective effect of tobacco use against developing celiac disease appears to be longer-lived (111) .
This effect of tobacco is not limited to inflammation of the intestine; the odds of having PSC also was significantly decreased among current smokers (the estimated odds of having PSC in current smokers compared with never-smokers was 0.13). Therefore, the related disorders UC and PSC are both diseases of nonsmokers. However, the association between UC and PSC does not fully explain the association between nonsmoking and PSC (58) .
The effect of tobacco on disease expression holds within multiply affected families with IBD as well (53) . Specifically, in a European cohort, within pure-CD multiplex families, the frequency of tobacco use was 64%, whereas within pure-UC families, 31% of affected individuals used tobacco. Interestingly, this trend held for mixed families having one member with CD and another with UC; among members of mixed families with CD, the frequency of tobacco use was 64%, compared to 23% among individuals with UC.
CONCLUSIONS
IBD is a common disease that causes considerable morbidity in the United States and Europe. In recent years, important advances have been made in our understanding of the immune mediators of intestinal inflammation. This information has led to new therapeutic approaches to IBD. Furthermore, considerable data point to the significance of genetic factors, which may predispose patients to a dysregulated immune response, in the development of IBD. The commensal bacterial flora also appears to be a critical element, particularly with respect to CD. While the precise role of the commensal bacteria and the genetic factors involved in the pathogenesis IBD remain ill defined, research in the next decade promises to yield fresh insights into these areas.
